INTRODUCTION
There have been very few field emission investigations (1-4) on the adsorption of sulphur on tungsten in contrast to the extensively studied oxygen adsorption by this technique. Ihe previous work (1) (2) (3) (4) in this field ignored the influence of pressure on the adsorption and growth of sulphur on tungsten. Moreover, the kinetic aspects of sulphur interaction with tungsten have entirely been disregarded.
It was the aim of the present work to fill this gap through studying the field electron emission from different sulphur covered tungsten tips obtained under varying sulphur pressures. Activation energies for the removal of sulphur from such surfaces could also be determined.
EXPWIMENTAL
lhe apparatus and the experimental technique have already been described (2,5). Recrystallized sulphur was obtained from Hopkin and Williams Ltd., it was stored in a sealed off ampoule, one end of which had been drawn to a fine point., and then placed in the appropriate section of the apparatus. The latter could be evacuated independently to 10'~ N mm2 in order to avoid the contamination of the field emission tube. ?he section containing the sulphur ampoule was cooled in liquid nitrogen before the fine point of the ampoule was broken, it was then subjected to thorough pumping before the sulphur vapour was introduced into the field emission system. Since the vapour pressure of sulphur is 10'~ N me2 at 295 K, it was necessary to maintain the sulphur ampoule at various temperatures higher or lower than 295 K in order to adjust the sulphur vapour at pressures in the desired range of lom4 to N m-2.
RESULTS AND DISCUSSION
-- of plate 111 as well as those which are given the letters A-E of plate 11. Sulphur attacked all regions of the tungsten surface causing the emission to disappear from regions surrounding (OOl), (111) and (011) as in the patterns 5-9* 'Ihe adsorption of sulphur, thereafter, resulted in the appearance of small, usually bright, images distributed somewhat at random but with noticeable preference for the (011) plane and their vicinals (patterns 10-12).
'Ihe images are observed to rotate, to liberate, to change from singlets to doublets or to q&druplets or vice versa, particularly when the residual sulphur pressure in the tube was kept at 6 N -2 m . Pattern I1 remained often stable under the applied field for as long as 30 minutes; in the presence of the sulphur stream, some of the emitting spots began to grow into ball-shaped images. Suddenly, one of the images continued growing, the others disappearing, until it occupied within 30 sec. the whole area of the screen; patterns A to E of plate I1 represent few such stages.. If the applied field is maintained, the electron emission from the ball-shaped spot ceases due to the deformation of the tip. Mechanical rupture of the tip only occurs in the presence of the applied voltage. The work function increase by this stage (pattern 12) is 0.48 V.
PLATE I11
There is a strong evidence for a field-induced surface process (6) for the interaction of sulphur with tungsten at pressures >, N m-2, since if the field is turned off at the stage shown in pattern E of plate I1 the same pattern can be obtained 30 minutes later. Such a field-induced process resulting in the sudden enlargement of the emitting area is likely to reflect a nucleation process, possibly the growth of sulphide whisker, which would account for the mechanical failure of the tip due to an enhancement in the field strength, Mercury whiskers are reported (7) to grow under pressures 10" -10'~ N mW2.
Increases in the pattern size can arise only from lessened compression of the lines of force at the whisker tip (8) (9) (10) .
This indicates that changes result from the increase in whisker length, which lessens the effect of the substrate on the field at the end. Needle-like growths have been observed, with electron microscope, to form when a thin oxide layer on aluminum is heated in vacuum at 873 K (11) .
If, however, the tip is quickly heated to 750 K, before sufficient time is allowed for the tip failure to occur, the ball-shaped \image is seen to break up into several fragments as indicated in the patterns 13-15 of plate 111. Desorption of sulphur from such a surface produces, thereafter, images which are similar to those of plate 11.
